In the framework of the QCD string approach it is shown that the spinaveraged massesM (nL) of all low-lying light mesons are well described using the string tension σ as the only parameter. The Regge slope α ′ L and the intercept α L (0) of the Regge L-trajectory forM (nL) are calculated analytically and turn out to be α ′ L = 0.80 GeV −2 (for L ≤ 4) and α L (0) = −0.34, in good agreement with the experimental data: α ′ L exp = 0.81 ± 0.01 GeV −2 , α L exp (0) = −0.30 ± 0.02. To obtain this strong agreement with the data the nonperturbative quark self-energy contributions to the meson masses must be taken into account, which appeared to be large and negative for small values of L, and are even for larger values of L important for a close fit. From the present analysis of the meson spectra the restriction α s ≤ 0.40 on the strong coupling is required. PACS
I. INTRODUCTION
The spectra of hadrons form an extremely important test ground for nonperturbative QCD. The scaling property of QCD tells us that in the end all characteristics of hadrons must depend on a single parameter, say σ or Λ QCD . Till now, all atempts to estimate hadronic spectra with an accuracy comparable to the uncertainties in the experimental data, have relied on models that contain several, in some cases even many, parameters. In sharp contrast to that, the formalism adopted here that uses the QCD-string Hamiltonian, relies on only one free parameter, the string constant σ, which must ultimately be related in a one-to-one correspondence with Λ QCD , as it is intimately related to the confining character of QCD. The string tension can be extracted from experiment, in particular from the slope of the leading Regge trajectory, and in the present paper we use it to describe the spectra of light mesons.
The QCD string approach developed in recent years [1] - [3] starts from first principles in a very direct way, namely from the QCD Lagrangian. In Ref. [2] the relativistic Hamiltonian H R for the light mesons with spinless quarks was derived with only one approximation-the string was taken to be a straight line. This approach can be applied to most of the light and heavy-light mesons with the exception of the π-and K-mesons, for which spin and chiral effects are very important and cannot be considered as a perturbation.
With the use of this relativistic Hamiltonian many important features of the light meson spectra can be clarified, in particular the constituent mass of a quark µ(nL) is defined in a rigorous way (we use the current quark mass m = 0), and appears to be dependent on the quantum numbers of a given state [1] . This is not so in the most common potential models, in particular in the relativized potential model (RPM) where the constituent mass of a quark is actually a fitting parameter, e.g. in Ref. [4] m = 220 MeV, and kept fixed for states with different L and n [4] , [5] .
For the Hamiltonian H R the correct Regge slope, equal to 1/(2πσ) was obtained for large L [6] while for L ≤ 4 the string correction, ∆ str , is shown to modify the Regge slope by about 15% [2] , [6] .
In the RPM in order to fit the hadron masses a negative constant (a fitting parameter) is always added to the meson mass while in the QCD string Hamiltonian there is no fitting parameter at all. Instead, the nonperturbative quark self-energy contribution ∆ SE to the meson mass has been shown to be important and this term was analytically calculated in Ref. [7] . ∆ SE is negative and has rather a large magnitude (of the order of −400 to −300 MeV) for all states with L ≤ 5 and gives rise to the correct value of the Regge intercept.
Here we consider in detail the spin-averaged meson masses,M (nL), or the centers of gravity of the nL-multiplets (i.e. neglect the hyperfine and fine-structure splittings) for which the physical picture is simpler and at the same time more universal since the parameters do not depend on spin and isospin.
We concentrate mostly on the orbital excitations with n = 0 for which experimental data exist for all ground states with L ≤ 5. Then for the linear confining potential σr all meson massesM (nL) can be expressed through a single parameter-the string tension σ. The values of the slope and the intercept of the Regge L-trajectory (L ≤ 4) will be calculated analytically: their numerical values are α ′ L = 0.80 GeV −2 (σ = 0.18 GeV 2 ) and α L (0) = −0.34 turn out to be in very good agreement with the experimental numbers. From the Regge slope a restriction on the admissable values of the string tension follows: σ = 0.18±0.005 GeV 2 for the pure linear potential and σ = 0.19±0.01 GeV 2 if the Coulomb interaction is taken into account.
The Coulomb contribution is mainly important for the 1S and the 1P states having values in the range −200 to −100 MeV, and is considered here in a twofold way: from exact calculations with the linear plus Coulomb potential and also when the Coulomb interaction is considered as a perturbation; both considerations give very close results. For σ = 0.19 GeV 2 the QCD coupling is α s = 0.39 which is typical for heavy quarkonia, and from our analysis of the meson spectra the following restriction on the strong coupling α s ≤ 0.42, is obtained. This number is in a good agreement with the two-loop value of the freezing coupling constant obtained in background field theory [8] .
II. EXPERIMENTAL DATA
The experimental numbers for the spin-averaged massesM (L), or the centers of gravity of the 1 L-multiplet (the ground states with n = 0), are presented in Table I and need some remarks. First, all members of the 1 3 P J multiplet are supposed to be known: a 2 (1318), a 1 (1235), and the a 0 (980) too, are considered to form the 1 3 P 0 multiplet withM (1P ) = 1252 MeV. Similarly, for the f J (1P ) mesons the spin-averaged mass is 1245 MeV [10] .
Second, in the case of L = 2, the fine-structure splittings of the 1 D-wave mesons are supposed to be suppressed as compared to the P -wave states [11] . As a result, for all members of the 1 D J -multiplet, e.g. the ρ 3 (1.69) and π 2 (1.67), their masses are very close to each other and one can expect that the true value ofM(1D) lies between these two values. The same would be valid for the isoscalar mesons, if they were not mixed with other hadronic states, and just this situation is observed in experiment where the masses of the ω 3 (1.67) and the ω(1.65) have values close to the corresponding isovector mesons [10] .
Due to the suppression of the matrix elements (m.e.) like < 1/r 3 > the spin splittings for the higher orbital excitations like 1F , 1G, etc. should be even smaller than for the 1D mesons. Therefore the masses of the a 4 (2.01) and the f 4 (2.03) are supposed to be close tō M (1F ) as well as the masses of the ρ 5 (2.30) with L = 4, and a 6 (2.45) and f 6 (2.47) with L = 5, lie close to their centers of gravity. The masses of all orbital excitations (n = 0) can be nicely described by the Regge L-trajectory (see Fig.1 ):
with the following Regge slope and intercept:
and both values have a small experimental error. Note that for the leading ρ-trajectory:
the slope α ′ J = 0.88 GeV −2 and the intercept α J (0) = 0.48 are larger since their values depend on the spin contributions. On the contrary, the L-trajectory is a universal one and in the approximation of closed channels it is the same for isovector and isosinglet mesons.
In our paper the meson masses, Regge slope and Regge intercept will be calculated analytically in the framework of the QCD string approach.
III. RELATIVISTIC HAMILTONIAN
In Ref. [2] the relativistic Hamiltonian H R was derived from the meson Green's function which was written in the Feynmann-Schwinger representation with the use of two axiliary (einbein) fields, µ(τ ) and ν(β). For quarks with equal current mass m it has the following form :
The two auxiliary fields µ(τ ) and ν(τ ) in H R are operators which depend on the proper time τ of dimension (length) 2 , introduced by Schwinger [12] . By definition the field operator µ(τ ) is
where t is the actual time. In Eq. (3.1) m is the current quark mass, which for a light quark (antiquark) will be taken equal zero; L is the angular orbital momentum, L = r× p, and the operator p 2 r = ( p· r) 2 /(r 2 ). The constant σ determining the nonperturbative potential is the string tension.
In many cases it is convenient to rewrite H R as a sum of two terms:
with the "unperturbed" Hamiltonian H
R defined by
where in H
R we have included the term L 2 /(µr 2 ) and subtracted the same term to give the string correction ∆H str
If L is not large, then the term ∆H str appears to be relatively small and can be considered as a correction to the Hamiltonian H (1) R [6] but for large L the representation of H R as the sum Eq. (3.3) is of no use, since in this case both terms are equally important. Note that to get the expression (3.4) one needs the following definition
The simplest Hamiltonian H 0 with L = 0 is a special case of
IV. THE EXTREMAL VALUES OF THE OPERATORS µ AND ν
To understand the physical meaning of the auxiliary fields µ(τ ) and ν(τ ) let us find their extremal values. First, in the Hamiltonian H R we determine the variable ν(β) from the extremum conditions
Then one finds that ν(β), which is an operator in general, does not depend on the string parameter β and is equal to
i.e. is actually the energy density along the string. With the use of Eq. (4.2) the Hamiltonian H
R reduces to a simpler operator:
where µ(τ ) is still an operator in the Hamiltonian formalism. Its extremum can be found from the second extremum condition (4.1)
i.e. the extremal value of µ is one half the kinetic energy operator. Substituting it to the Hamiltonians H
R one obtains
giving the rise to an eigenvalue equation that is identical to the spinless Salpeter equation (SSE) with a linear potential
This equation has been used in the RPM for many years [4] , [5] , however, in the RPM instead of the current mass m a fitting mass is usually used, e.g. m = 220 MeV in [5] . Nevertheless, due to our derivation of Eq. (4.6) the connection between the QCD string theory and the RPM is established.
V. THE CONSTITUENT QUARK MASS
Although the constituent mass µ is not explicitly present in H
R , it enters many important physical characteristics like the spin splittings and magnetic moments, and also in the string and self-energy corrections, therefore it must not be left in as an operator. The simplest way to solve this is to define µ as the expectation value of one half the quark kinetic energy operator Eq. (4.4), i.e.,
Note that the eigenvalues M 0 (nL) in Eq. (4.5) for the linear potential σr are connected with µ 0 as follows
The values of µ 0 can be expressed through a single parameter-the string tension σ and the universal numbers a(nL) given by
This relation is a manifestation of the scaling property of the SSE in the case m = 0. Another definition of the constituent mass, denoted byμ 0 , was used in Refs. [1] , [3] in the so called "einbein approximation" (EA) where the second extremum condition in Eq. (3.6) is written not for the operator H R but for the eigenvalues M 0 (nL). A priori it is not clear whether in both definitions the extremal values µ 0 (nL) andμ 0 (nL) coincide or not, therefore let us compare them. In the EA Eq. (4.6) is rewritten as 
To compare µ 0 (nL) andμ 0 (nL) one can use the numbers presented in Appendix A (see Tables VII and VIII ) from which the corresponding universal numbers a(nL) andã(nL) can be determined. The largest difference between µ 0 (nL) andμ 0 (nL) was found for S waves and is increasing with growing radial quantum number n from 5% for the 1S state to 7% for the 5S state. However, this difference is falling with increasing L, being only 1.7% for L = 5 (n = 0). So, µ 0 andμ 0 are numerically very close. In contrast to the eigenvalues M 0 (nL) for the Salpeter and Airy equations a large difference is found between some matrix elements (m.e.) like < 1/r 3 > (for any L = 0) which define the fine-structure splittings. This difference can be as large as 30-50% in some cases (see Tables VII, VIII) . Moreover, while for the SSE these m.e. are growing, they are slightly decreasing for the Airy equation. It is worth to notice that these differences between the m.e. would be much larger if a fixed constituent mass, as in potential models, would be used.
The reason behind such discrepancies may be connected with the different asymptotic behavor of the wave functions(w.f.). For the SSE Eq. R has to be considered as preferable compared to the EA. Note a useful relation between the m.e.:
where 1/ρ is independent of σ but does depend on the quantum numbers. Although the approximate string Hamiltonian H
R coincides with the one used in the RPM, there are essential differences between them.
First, in Eq. (4.6) only the current mass m is present and for a light quark it is supposed to be equal to zero, while e.g. in Ref. [5] this mass was taken equal 220 MeV, being actually a fitting parameter.
Second, the constituent mass of a light quark is defined in a rigorous way as the average quark kinetic energy and appears to be different for states with different quantum numbers n and L. Third, the spin-dependent interactions will be defined by the same constituent mass µ 0 (nL) Eq. (5.1) and therefore, to describe the spin structure of the light mesons no extra parameter besides the QCD strong coupling will be introduced.
Finally, in the RPM the string and self-energy corrections, which will be discussed in next Sections, are absent.
VI. THE STRING CORRECTION AND THE SLOPE OF THE REGGE TRAJECTORY
It is known that for the Salpeter equation (4.6) (or for the unperturbed Hamiltonian H Table I from which one can see that the differences between them are indeed ≤ 1% for L ≥ 2.
As is clear from the approximation (6.1), the slope of the Regge trajectory for the SSE is (8σ) −1 , i.e. α ′ L = 0.69 GeV −2 for σ = 0.18 GeV 2 , which is 17% smaller than the experimental number Eq. (2.3), α ′ L = 0.81 ± 0.01 GeV −2 . Note that the string corrections which come from the term Eq. (3.5) are also proportional to L and therefore affect the Regge slope. The situation appears to be different in two domains: L ≤ 4 and L ≥ 5 respectively, and we consider them separately.
By the definition (3.5) ∆H str gives a negative correction to the eigenvalues M 0 (nL); its magnitude turns out to be relatively small, ∼ −100 MeV, and therefore this term can be considered as a perturbation [6] .
In Eq. (6.2) we have used that the integral Table II can also be approximated (with an accuracy better than 3%) replacing σr by < σr >. Then the string correction is
Due to the relations (5.2) and (5.8) for the linear potential the correction ∆ str becomes
Note that in Eq. (6.4) the m.e. < 1/ρ > √ L + 1 is almost constant, varying from 0.787 for L = 1 to 0.741 for L = 4 (see Table VII ). The values of ∆ str (using the m.e. < 1/r > from Tables VIII and IX ) are given in Table II. For comparison in Table II the string corrections valid for large L (L ≥ 5) (see the asymptotic string correction formula Eq. (6.13)) are also given. Now one can analytically calculate the Regge slope for the "corrected " mass:
then the squared mass
If one neglects ∆ 2 str in Eq. (6.6) which is small (≤ 0.016 GeV 2 for L ≤ 4) and uses the approximation (6.1) for M 2 0 (L) then for the orbital excitations with n = 0 the squared mass Eq. (6.6) becomes
where the inverse Regge slope in Eq.
The values of (α ′ L ) −1 are practically constant, see the numbers in Table IX , varying from the value 6.930 σ for L = 1 to 6.970 σ for L = 4 and we take here (α
It gives for σ = 0.18 GeV 2 the Regge slope 11) in good agreement with the experimental number given in Eq.
Thus, due to the string corrections we have obtained the correct Regge slope for the spin-averaged masses. However, the intercept in Eq. (6.10) has a very large magnitude and an additional contribution to the meson mass must be taken into account. We discuss this contribution in Sect. VII B. Case B. Large L For large L the extremal value of the operator ν is not equal to σr but turns out to depend on the parameter β as well as on the operator µ(τ ). In this case it is a difficult problem to find the exact eigenvalues M(asym) of the Hamiltonian H R , therefore in Ref.
[6] the eigenvalues of H R have been calculated in the quasiclassical approximation with the following result,
Here, in the asymptotic mass formula (6.12) the string correction is already taken into account and the constant 3πσ is kept to match the solutions for large L to those for L ≤ 4. Now, for comparison one can formally define the string correction for large L as the difference between the asymptotic mass Eq. (6.12) and the unperturbed mass M 0 (nL) Eq. (5.2)
The asymptotic masses are less than M 0 (L) Eq. (4.6) for L ≥ 4. The magnitude of ∆ str is increasing with growing L and for L = 6 ∆ str (asym) is already ≈ 220 MeV.
From the numerical values of ∆ str (asym) (see Table III ) one can see that for L = 4 both string corrections, from the asymptotic formula Eq. (6.13)and from Eq. (6.5), practically coincide and in what follows the string correction will be taken in the form (6.5) for L ≤ 4 and from Eq. (6.13) for L ≥ 5 ( when the masses M(asym) are smaller, see Table III L is likely to be connected with another reason-an effective decreasing of the string tension at large distances due to new channels being opened. This effect will be considered in our next paper.
The calculated meson masses (see Table III ) still are large compared to experiment and to get agreement between them a negative constant (a fitting parameter) must be added to the squared mass M 2 (nL) [5] . Here we shall not introduce a fitting constant, but instead take into account the quark self-energy correction to the meson mass.
VII. THE QUARK SELF-ENERGY CONTRIBUTION AND MESON MASSES
Recently it was observed that a negative constant must added to the meson mass, which comes from the nonperturbative quark self-energy contribution created by the color magnetic moment of the quark [7] . This constant is rather large and was calculated with the use of the Feynman-Schwinger representation of the quark Green's function. The total nonperturbative self-energy contribution, both from the quark and the antiquark, was found to be fully determined by the string tension and by the current mass (flavor) of the quark:
Here µ 0 (nL) is just the constituent mass defined by Eq. (5.1). The constant η(f ) depends on the flavor: its numerical value for a quark of arbitrary flavor was calculated in Ref. [7] , in particular for the light mesons we take as in Ref. [7] η(nn) = 0.90. (7.2)
The self-energy terms, as well as the meson masses, are given in Table IV for the ground states (n = 0, L ≤ 5) from which one can see that ∆ SE (L) decreases as a function of n and L, being proportional to µ −1 0 (nL). Still it is rather large (equal to -300 MeV) even for L = 5. With the self-energy and the string corrections taken into account the spin-averaged meson massM (nL) is fully determined. The Coulomb correction will be discussed in the next Section and calculated in Appendix B.
The meson mass is now given bȳ
and for the linear potential can be written as Table IV ).
For large
VIII. THE INTERCEPT OF THE REGGE TRAJECTORY
From the mass formula (7.4) it follows that the self-energy term entersM (nL) in such a way that the negative constant C 0 ,
appears in the squared spin-averaged massM 2 (L):
Here the terms ∆ 2 str and ∆ str ∆ SE will be neglected, because they give small contributions for L ≤ 4, while the term ∆ 2 SE is kept, since it is not small in all states. The constant C 0 is rather large and for σ = 0.18 GeV 2 is equal to −1.65 GeV. Using the expression (6.6) for the mass (M 0 + ∆ str ) 2 and Eq. (6.1) for M 2 0 , Eq. (8.2) can be presented as
where for M 0 (L = 0) it is better to use the exact value, M 0 (1S) = 3.157 √ σ and α ′ L was already defined by the expression (6.8). From (8.3) the intercept is
Note that in b(L) the combination (3π − 32η/π)σ is a small number (equal 0.046 GeV 2 for σ = 0.18 GeV 2 ) and therefore for the intercept the contribution of the self-energy term ∆ 
This number is in good agreement-larger by 10% only-with the experimental value α L (0) = −0.30 ± 0.02. It is essential that the intercept does not depend on the string tension but instead is very sensitive to the flavor parameter η. Just for this reason the intercept for the mesons with different flavor depends on the flavor.
So, finally, the Regge L-trajectory calculated in the QCD string approach with σ = 0.18 GeV 2 is fully determined,
and appears to be very close to Eq. (2.3) obtained from a fit to the experimental spinaveraged meson masses, see Fig. 1 . From Eq. (8.8) the averaged massM (π − ρ) is found:
which corresponds to a π-meson massM (π) = 301 MeV. This number turns out to be smaller than M(1S) = 0.723 GeV calculated directly from Eq. (6.5) and this discrepancy illustrates how sensitiveM (1S) is to the approximations used.
IX. COULOMB INTERACTION
In the previous sections good agreement of the spin-averaged meson masses (for the ground states with L = 0) was obtained without taking into account the Coulomb interaction. It is of interest to check whether the Coulomb effects are actually suppressed for L ≥ 0 states and how large is Coulomb correction toM (π − ρ).
To this end we solve the Salpeter equation with the string potential taken as a linear plus Coulomb term, i.e., with the Cornell potential:
where α s = constant can be used, since the light mesons have very large sizes, R ≥ 1.0 fm, and at such distances the strong coupling is saturated and close to the "freezing" value [8] .
For α s we take just the same value as for heavy quarkonia [14, 15] , and for the string tension we use σ = 0.19 GeV 2 . However, the masses of the ground states, including the 1S state, can be nicely described with a smaller value for the coupling constant, 0.20 ≤ α s ≤ 0.39, if correspondingly the value of σ is taken from the range 0.18 GeV 2 < σ ≤ 0.19 GeV 2 . Therefore, the value α s ≈ 0.40 can be considered as an upper limit for α s compatible with the correct values of the meson masses. For larger values of α s the masses of the 1S and 1P states will be too low.
The main characteristics of thesystem like the eigenvalues M C (nL) of Eq.(4.6) using the Cornell potential, the constituent masses µ C (nL) defined by Eq. (5.1) together with the string and the self-energy corrections are presented in Appendix B in Tables X and XI. Here  in Table V we give only the results of our calculations for the spin-averaged massesM C (nL). Note that in the Coulomb case the relation (5.2) is not valid and therefore the meson mass M C (nL) as well as ∆ str and ∆ SE should be written through the constituent mass (denoted as µ C (nL)) as in Eq. (7.3) (see Table X where the eigenvalues are given for σ = 0.19 GeV 2 , η = 0.90, and α s = 0.39).
With the use of the string and the self-energy corrections from Table XI the spin-averaged meson massesM C (L), Eq. (7.3), are determined and their values are given in Table V together with the experimental numbers.
If now one compares the meson massesM C (L) with those for the linear potential from Table III , then one can see that in the Coulomb case for the 1S and 1P states a better agreement with the experimental numbers is obtained, however, in the Coulomb case the string tension appears to be larger, σ = 0.19 GeV 2 . The calculated massM C (1S) = 0.632 GeV (for the σr potential it is 0.732 GeV, σ = 0.18 GeV 2 ) is very close to the value Eq. (8.9) from the Regge trajectory Eq. (8.7). Now the Coulomb correction can be formally defined as the difference between the exact eigenvalues,M C (L) andM(L):
and compared with the Coulomb corrections E C (pert):
obtained when the Coulomb interaction is considered as a perturbation (see Table VI ). In Eq. (9.4) the m.e. < 1/r > is to be taken for the linear potential with the same σ as in the Cornell potential. The numbers in Table VI demonstrate that the exact and perturbative corrections coincide with an accuracy better than 5% for all states with L ≥ 0 (for the 1S state the difference is 11% ) and therefore these corrections can be calculated as a perturbation.
For the nL states one should also take into account the difference between the exact constituent mass µ C (L) and µ 0 (L) for the linear potential; they are related as follows
This correction to the constituent mass is mostly important for the 1S state. For larger n the difference between µ C and µ 0 can be neglected. As seen from Table VI, due to the Coulomb interaction all masses are shifted down by an amount in the range of 60 to 100 MeV and therefore a larger value of σ is needed, σ = 0.19 GeV 2 for α s = 0.39, than for the linear potential.
However, one cannot take an arbitrary or too large value for σ, otherwise the Regge slope α ′ L would be small and in contradiction with the experimental value. Therefore, in the Coulomb case only values σ = 0.19 ± 0.10 GeV 2 are allowed. Then to obtain agreement with experiment using σ ≤ 0.20 GeV 2 a restriction on the value of the strong coupling constant is found: 6) otherwise correct numbers for the Regge slope and the intercept cannot be obtained simultaneously. This upper limit (9.6) for α s appears to be in accord with the freezing value of the twoloop α B (q 2 = 0) = 0.45 (with the QCD constant Λ (3) = 330 MeV, N f = 3) obtained in background field theory [7] .
X. CONCLUSIONS
In the framework of the QCD string approach the spin-averaged meson masses with L ≤ 5 (n = 0) have been calculated and expressed through a single parameter-the string tension σ and a set of universal numbers. In this approach the kinetic energy is of the same type as in the spinless Salpeter equation. The constituent mass and the nonperturbative quark self-energy are calculable and also depend on the string tension only. This is the first time accurate predictions for the meson masses have been obtained relying on one parameter only, that is directly connected to the confinment mechanism in QCD. The analytical expressions for the slope and the intercept of the Regge L-trajectory (when the spin splittings are not taken into account) have been deduced, giving rise to a value α ′ L = (6.95σ) −1 = 0.80 GeV −2 (σ = 0.18 GeV 2 ) which coincides with the experimental number. This L-trajectory can be considered as a universal one since in the approximation of closed channels it does not depend on spin and isospin .
It is shown that the Regge intercept does not depend on σ and α(M = 0)(theory) = −0.34 turned out to be only 10% larger than α(M = 0)(exp) = −0.30 ± 0.02. From this interceptM (1S) = 652 MeV corresponds to a π-meson mass equal to 300 MeV (chiral effects have been neglected here).
For all orbital excitations with L = 0 the calculated masses are in a good agreement with existing experimental data.
In order to obtain this good agreement with the data we find it necessary to impose a restriction on the value of α s that is in accord with the freezing picture.
TABLE VIII. The matrix elements < 1/r 3 > (GeV −3 ), mass eigenvalues M 0 (nP ) (GeV), and constituent masses µ 0 (nP ) andμ 0 (nP ) (GeV) for the P-wave states (σ = 0.18 GeV 2 ). From Table X one can see that in the Coulomb case the constituent masses µ C (1S) and µ C (1P ) are larger by 29% and 10% respectively, than for the linear potential (see Table VIII ) and therefore ∆ SE is smaller for them.
APPENDIX B: RESULTS FOR THE CORNELL POTENTIAL
In this appendix we present some auxiliary values for the Cornell potential. 
